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(57) Abstract 

A nitride semiconductor light emitting device comprising an active layer of multiple quantum well structure provided between an n- 
side region including a plurality of nitride semiconductor layers and a p-side region including a plurality of nitride semiconductor layers, 
having a light emission output improved by allowing the characteristics of the active layer to exhibit well, and capable of being applied to a 
wider range of various application products, wherein a multilayer film comprising two nitride layers is formed in at least one of the n- and p- 
side regions. 
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^yrAT, ^CDitiL, (MgAl 2 0 4 ) <£> «£ 5 j&lfe^ttoSte^ffi.N 

S i C (6 H, 4 H, 3 C S^tr) , Si, Z n O, G a A s , Ga N#C0^^ 

#%£WiZ-3o\,^Ts ^5'77il0 2tlttt, G a d A 1 H N ({1. L d K* 0 < 

d =g l (DfEffl-efoSo ) ^5>*SS'fk4fe i Nf#:-C*>«? , L< E*A 1 <z>fij£^s 

7711 0 2^^lf ibtbSo 
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^j/77i 1 0 2©H)|li, 0. 0 0 2~0. 5jtim, UtKiiO. 00 5 
~0. 2fim, Hi-£?3;L<teO. 0 1~0. 0 2 mCOfSia{-iSSi~So '*S> 

77ii o 2(Dmm&±.mmmx*h&b, wiwi^^^p^^i 

^5'7 7|l0 2^Mli v 2 0 0~ 9 0 0 o C-efe>9 N |(ftL<l44 0 0 

-so o°c(Dmm^m^-r^o &tMum^±.szmmx&& t m^^M* t & v , 

*»^fli2^^V>-C, Ty K — 7°G a Ng 1 0 3 11, i&Mir&m^ 
ni»^Wf Kl^mLT&SgTrfoSo /<^^T®1 0 2±{Z^(DT^ 
K— a Ng 10 3 i7> K — 7G a Ng 10 3 ^St*^ s fi0 

T ^ K — y°G a Ng 1 0 3 Jifcljjftfi n#J=i ^9 V hJl4 &£ftf>j|£ 

Stt€rS^l^"C#So 7yK-/GaN|10 3©I)?lt 0. 0 1/zmJ^Jii 

v\ £fcT v K— 7/G a Ng l o 3 ©UU9©±IStt«FJJ:IS^$H'5cv>dS, M3t$J 

§PF*MU£r 3X10 ,8 /cm 3 J£A_h, 0* L<li5X10Vcm 3 £*_h<©aiftT? 
^pr<5o i«J:5tnMi^< K-7LT, ^(Dg^nliny^^ hg 

fit, nM^*fi*5«S^/h^V^^tt<7)^/dJT^ K— a Ng 1 0 3 ±^$c 

WJ-is^$tbS i b<©"Ctt*v^s, hgt Lx^mm^w-r^tc 
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nilJ^y^^ M4©Wtt, I n e A 1 f G a l _ e _ f N (O^e, O^f, e + 

f ^ 1 ) -cfli^-et, *«>j(B|KttWl-ra 5 t>0-Cfi&V^ s G a X« f flffO. 
?T^J5Ki"6JiT?fe-5WCO. l~20/im, 0tL<»O. 5 ~ 1 0 ju rru «t <9 



10 5 £rJt$5#)J?V 



1 O 5 11, nM^H^^S 



10 5 



£?i£Li\ *fcTPSte#^PS^£;ftftv^ #i|x.k£o. 0 5/zmm±-Cfe^o 



tf, WT^nlRIJ^l ^mWM 1 O 5^ N SV^y^ K^f> y^ai^/^— ^ 



n ilijfl 1 #J 



10 5 (D#ji)}^^r#^i-5^^ K^r> yZf^*Zl'*?—<DK 



ffcjg 1 0 5 b ©AW*, 10 0t^hn-W, $ L < fct 7 0 Or 

bn- A EAT, H: 0* L < W: 1 0 — 4 0^^ ha— ^©taHcDlIff 
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1 Sr-g-tfMtffc^MMfc, &4L<liAl,Ga w N (0<g^l) 3rf£S£-tf:5 
^*SM*LV\ — ;£\ /^y f^t 10 5b 

K^r-T syf^A'*?— (D^% temtyo^mtfc 1 0 5 a J; 19 K^-r y 

<«Al h Ga H N (0^h<l > g>h) , I njGa H N (0^j<l) <D«t 
ft^fc4^¥^ffc 10 5a f«fC#H- I n £r^3;ft^A 1 g G a (0 < g < 

1 ) ^ K=*r> y^^*;^—(D>b£t£mW>^My£ 105b teUfCift^ 

Al^^VMnjGa,.^ (0^j<l) ^t^ilM^-'ffitWc^Jl 
JH^#5g^J-C\ A 1 CDWLMikfci giW.) 3OT©Al t G ai . E N (0<g^ 

0. 3) GaN(D»^«t|f$U\ 

nmmi^mmm 1 o 5&, ^mcja^s, .RWi-yrwciAfes^ 
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10 5 £r^; 



^r1#^-r 5 fill * o S'f 



^fls® (105a, 105 b) £A 1 U^t(D^Pm^^Mt LTt), 

$ ib r <d n 1 ^MWkM 105 c7v-< ^ K^f> s> ^^/^—(D*:^ tem 

1 0 5 a K^f> *yZf^*A'*r~- <D/h£fcMtffe*MMWB 1 0 

5 b n S^M^iMiil^S r i Lv\ rtifiV^^S^IF- 

&±%<, &wjgthJz%^m&? 9 * Fmtte&itmz., inferno vf^mr 



0> A 



— <D£?l£ bVN K— T 0 *^ LTii, 1X1 0 17 /cm 3 ~ 1 X 1 0 20 /cm\ $ t>l-0* 
KlilXlO 18 /cm 3 ~ 5X10 Vein 3 ^fSffl^f^-f § 0 1X10 "/cm 3 «fc K> 



cm 3 J: 9 *>#v>£ N jH^iftwy — 9Wfa&&< fcfl^-t-vMKftfcfc-So — 
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ft#i¥ift:il^blJi:ttT< 5 ni^WSfc!), ^cD»{i l x l 0 19 / cm 3 « 



T^M^LV\ nl^iLTttS i, Ge, Se N S, 0#c7)JjSIJ 



<5o 



l 0 5 (D^SJBISrfll^i-S^^^^S l o 5 



nmsfmfot L~t S i R— ^LfcA 1 G a K-7°©G a Nlit# 

m$im&J&1$.Ltz.Wi&. A 1 G a N«S i &r K'-l/LTV^OT K^-— Ltl 



< BP^G a N^^Sji-Sm^-^jZoX^, A 1 G a 
^LA 1 G a Ng^fP^^lRj^LTMiffigPSrT^ K— zfft^ t S i (7>ifc£L£ 



jkij:, n mm i^j 



10 5^ [H— |a^©g^^^^|fjl^tLT^ 



<9 , nM«^^^^^^fb^^^g^-eM^5«-e K— ^^tbTV^^ 
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i£-f\ n mw, i ^mmm 1 o 5 ^Mt^ttt^t lts, 

2«l)5Ga NteS^M^^J; •9^'t4S<^cSt?^, 

Jf.'MMcDl&W. 2 i^*5V>T, n$iJH 1 ^MBM 1 0 5 f3\ n M^M^^r^tfG a 
N^&S^MW^ffWg 10 5a t^omk^mfom 105a iliM&S n 
l^iMS^f t5G a N/5^/£§M»I 1 0 5b ^Srfijf 
^mWk&m^^Z- k^-V%5o Sft Wfft:Ji 1 0 5 a , 105b© 

V R3f> 5/^^/1-^— tfWcC "9 ^o'^p R-^^fc'J^ < t $> 2mm(Dm^ 

bmi&£tiz> nmm 1 ^mmm 105 ©t ^ t pt©f iaf tbtiz> 0 

njiJ^M^MSW: lX10 l7 ~lX10 21 /cm 3 , L< ItlXlO"- 

lXlO'Vcm 1 , i!)^L<ii3X10 18 ~7X10 18 /cm 3 tl)5 o 
«W-*^T, n#J^ 1 ^MBM 10 5 <£>i|&BSffk3\ fc<£>-m 

^1/^^ 1 000~400 0^-^i^X fn-i^, 0^ L< Ii20 0 0~3 0 00 

Hrl/?* hn^itSo *^#)iJlI^#^-t-S#jS«Z)JJIJ¥^5 0 o^-v^ h 
n — J>,OT> Jf*L<li2 0 0t^hn-A£tT, i^tKlil OOt 

^M^^<^^^ 3 2 «iTO_L<7)Jl^ f,/j;5n ftijff 1 ^mWM 10 5 , n {RlJ = 
^ZV hiS^^t^r t^#5 0 ^<£>4§lB\ njliJ^l^Smgl 0 5©Jg|J?:te, 
0. 5~4|im, ^L<«l~3/im, £ 9 £p * L < }i 2 ~ 2 . 8Mmif§ 0 



WO 99/46822 



PCT/JP99/01140 



34 



10 



15 



20 



25 



mm i ^mwm 105 ■&m$L-rz>&Wkm-n, ^mmm^mjmm^^ 



t LT 



iVMo^mmz. <t r> mm. lt & x v \ 

ffifl^^t 1 3 0ii, In t?H 1 tf^Mfc^^MS 1 0 6 a £ % %:<DW> 1 <£>^ffc 
^^ffMlll 0 6a t I/i 1 5 ^ 2 1 06b 



£*Lfcn#Jff 2# ; 



10 6 Ul&l^ 



t, m i ©^btt^frjm 106a, ^2 (Dmtm^mwm 1 o e b i^n^ti 



n M 



0 ^grTSgtefg l co^b^^lli 10 6 



at^, !2©itt¥iMl 0 6 b V v-f *i/e & & < N nlRlJ|g2#J 
eODSWIIdffttW^ra^tWWfcV^ &3o % El 4 -era n #JS! 2 #J 



1 0 



10 6 



10 6 



#mM(D%m 2 }i*5V , n 2 



10 6 }d*5V^T, ittjffifl 1 <£>^fb 



^J^^JKl 0 6a, ^fc«HUlE^2(7)Sfk^¥^li^l 06b <£>|*|©'>&< £ 
L < «B 1 <Z>£f Bft^MMWR 1 0 6 a *5 £t>1j| 2 ©^blfe^NJflsgl 10 6b 



10 6 #S Ste^flig £ ft o T x n ftljfg 2 



©i9t, fiu IE n UUJH 1 ^ 



105^ ±Mn\nW,2^, 



10 6b 
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if 1 W^tW^MIte I n £-^£p^»l^#$:, 0* L < 3 %U&(D I n 
k G ai _ k N (0<k<l) ^bi^Klikfi^o. 5^T©In k Ga 

,. k N, b< ^kjfi^o . 2i^TW I n k G a !_ k N t ~t~<5 0 — II 2 <£> 



3 7cM^^^b^¥^S:^S$^:So nWm2g>\ 



10 6 KllJoV^ f§2 



1 0 6b te0£L< I n m G a,_.N (0 ^m< 1 % m< k) 



iri^So «ot, Lv^a^^-fr«, m (Dmt^mwmt uki 
§ bid, itfrtan i ©Mtf&^MMtiR 106 a^r^mmm 2 ©sfttfe^MMfc 

106b <Dpw>'J>%: < h -k~jj<Dmmfr\ i&Wrtzm 1 ©Mtffe^fflBI l 0 6 
ffc 0 l^j5^^-rsS[^±T^v^c:M^S^f^ ii^lWiMi0 6 



2 ©S^b^^^S^ 10 6b (il W^fb^^WWfl 106a) 



1 (Drntm^w-Wk 106a cm 2 ©s^^Nf^K 106b) omm^s. 

iJxJ^fl 1 ©M^^NffttR 106a£rInGaN£U Jfl 2 (OWMbPPWfc 



III 0 6 b &rG a Nt Lfc*i£\ G a Ng G a NSt©M© I nG a Nl<D, 
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MUX, w-iFft<z> 



0 6b <D[*l<D'J>f£ < t i>—Jj(D III ^7U*Om^\ iSitSf 1 
i\&0¥&fcm 10 6a 2 ^-ffttS^SfffclBS 106b <K>Wi~ III 1£ttM<D 



6 a ^fcten 2 <z>^ww*ifMfi 106b %mwtmmm ^it&i 



m&\^ m 2 <z>£fb4fc¥tJMWK 10 6b (fu <0g-ftffc&¥tJMWR l o 6 a ) Srt* 

A^cfl 1 <£>£fc*&¥##ISI 10 6a (§2 <Z)gffc;4&¥i*ft:Ig 106b) (Dill 



t$m 106a^InGaNH v f§ 2 (Dm^^rMW-B: 106b^GaNi:Lfc 
$§£\ G a Nl^Ga Nfi (7)^^-7) I nG a NjgcD I n^fl^^r^'ttSi-^jfi-^-S 



n mm 2 #j 



10 6}^, ^mtmmvx^m.^nx^^x^^^K *^ 



10 6 {^V^T, fil 1 <£>^fftfe¥^tis;||g 10 6a RXf 



2®»»lHl 0 6 b«M^"^^T^K— Z/Xh^^l^s S^tni^ 
K— ^^ti-TV^T ^i^V^ L> ;£/cW-f;fa^— jy^Wfofr K-^ 0 $tLTV^ 

< , i (Dmitm^mw-m 1 o 6 a ^fc^n 2 o^b^^Nf&Jii 1 0 6 b <d 



ft, ^idnM^^/^ K-:/-r3i§£\ 1 1 (Dt{^^i*H 1 0 6 a (Z) n 
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jlS4, n§!PM*6#>i UTtt, L< tt, Si, G e % S n> S#<£> IV VI 

6 b luiM?: K-^t5*^, ^M^M«5 X 1 0 Vcm 3 J^T, 0* 

KI41X1 OVcm 3 J^Tt-ISfi-rSo 5X1 O^/cm 3 «fc *? >fe^£M2»¥ 



10 6i^^T, ii*3,j:t) { i2«ft¥i* 



nlJUJff2#j 



ft5f^¥#fr^ 0*L<«, In a G ai _ a N (0^a<l) "C^fiJc^tb, 
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vtfs, l If 1&±, »t L < li i o t y ho - Afil± i 1 5 o i 



# ftfS! 3 (D^^^^IH 108ai, £3 ©&ffc**NM*:IS! 108a 

av ^ p ^#B*wn^Mjfe l < raisj— <z> p m&mug? 7 v K® l o 8 t L 

fc 0 U»L/iijSf5, p I?»^^ft5 A 1 b G a (0^b 



^1) ^bftS^-ltLtfeiV^ 



^ ~7 S> 



Kg 1 0 8©S^t^o^TTOtit5 
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p w&mi&? ? v ym i o 8 (D^mWkm&mi&ir&m 3 ^m^^mi 1 0 

8 a RXJ^m 4 omt^mMM 1 0 8 bOUJi:^ 1 0 Oirl/?^ Yn—^XT, 
£ bi^?* L< ft 7 hn-W< L< ttl 0-4 0*>^ 

* hn^A©§J|tiS§^ 85 3 tf>Mrffc¥3W«B 1 0 8a tl4©t{tW 

#JglH^ 7 V KH 10 8 (D^JHff{*. 4#}£Rg5£$*L&l^ 2 0 0 0 *^?7. Y 

n — AJ^Ts 0*L<tel 0 o o^-^^ ht3— AJ^T. J: >9 L < 5 0 0 

*-f6]®J± (Vf) ^&T^i±5-t^T?^SO-t?0^LV\ 

fj? 3 <7)^h:^l¥#fffi 10 8a tt&f£ < itA 1 0* L 

<ttAl n Ga H N (0<n^l) ^S$*5ri^gtL<, I4©ltt 
10 8b b < ttA 1 P G a X . P N ( 0 ^ p < 1 , n > p ) % I n r G a 

,_ r N (o^r^D ©i^^^i,, SKMMt^mk^mfo&j&n^&z. 

P 7^K|108 COW> 3 <E>^ffcJ&¥^ft$l 108a h%4 CO^it^d 

¥-mt£Wk I08bi©p M^MM<S«M& <9 , -*©1©»M?:^$< , 

3r> ^yZf^/^-CO^ tm 3 O^M»>#ft:Jgl 108a©p 

^# < K^r> s^m^/l^ — CO^h^^m^COmt^O^m^l 0 8b 
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^5!iim5„ -£f^<Dm-vh^\ o^^^K^-Y y^^/^- <£>:*: 

: y^ D m^/^~cO/h^^^4^^'fb^¥2*^)lll 0 8 b © p l^IMSIr^t 

f§ 3 (Dmk^^fctig 10 8a -N©^f* LV^ F—Zfrnt Ulil XI 0 18 /cm 3 
-1X10 21 /cm\ £ L< f± 1 XI 0 19 /cm 3 ~ 5 X 1 0 20 /cm 3 ©|5ffl{Cl 

DlS-rSo 1X1 O'Vcm 3 =t 9 ti^^V^ i s [^^{cl^4(7)^b^^J»^l 0 

^fc>9, tlfcl X 1 0 21 /cm 3 £1? SfrHteflSig < J-fc5 0 — 

^ 4 cD^b 108b©p §^«3i§S«il 3 c7)^bW2*fMfl 1 

o 8 a J: X> < > b < fct 1 / 1 0 j£*_h'>&v^s5i* bV\ 



X 1 0 2 Vcm 3 J^T^M* LV\ ^fc, K^f> -yZf^^A'*?— ^S^#V^3 

(T^tW^MIi 0 8a |:pM^>/K K-^tT, K^r> y^ai 

pSM^UiiMg, Zn, Ca, Bef©JISj#i| II IIB|£ 



pW?7? \*mtK pMftmAl b Ga H N (O^b^l) cfc 

^i5¥-g^b^5i^> J&^pffld^— files' Kg<z>JglJ?te> 20ooty 
^fp- A£AT, SF* L < » l o o o *y ^ ho - A£AT , Cfc 9 , «fct>0* 
L< «5 0 0-1 0 0^-^^ fn — i^T£i~ So I^ff^_tfBf5H-efc6^, 

l b G ai _ b N (O^b^l) "Cfc So 
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&m^^£& i>v)(D^ mmnmm 1 ^mmm 105 x> , ^ 

p iRi^-fl^ 7 5/ KS<7> p ^M^ilSte 1 X 1 O 18 ~ 1 X 1 0 21 /cm\ ft 
JL<li5X10 1! ~5xl O 20 /cm\ J; >9 tft± L<(i5xi 0 19 ~ 1 x 1 0 2 V 

O. 0 0 1~0. 5/im, ^ L<liO. 0 1~0. 3/zm N £ £P3; L < « 0 . 
15 0 5 — 0. 2 /i m^fSo JlilJWo. 0 0 1 //raj; piGa A 1 

* f JS %liS-r -5 , 3^(-^^MJ¥SrO. 5 nm£V)-km<1rZ>k, 1&Miffl<D 

V H- £5f&T^f&^p#jG a Nn^^^ M9^i^4L^t< , 
M>< &-5 0 Mg©ISi^ 1X1 0 18 ~1 X 1 0 21 /cm\ 0^L< }25 X 1 0 19 

~3xioVc^ J:^ftL<(iixioVciii 3 gSTfe5 0 MgM^r© 
25 f£ffl-efcSi:g:^^pMi^#b^< N v f &{ST£^5 ~ ^-e££?£Li\ 

niSl 2}injlij=i^^^ hjS4±(d, p 1 1 teM g K— zf p ftijG 
aN^^ hJS9_b^^n^?f^^tLTV^o nmmi 2^ P m^l 1(D 

1 N pSftl 1 t LtiiN i /Au&^£JlV^-^-e£So 
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(DWm 3 . 

i^^^^jg 2 0 3, f| 2 n #J^b^¥^^e 2 0 4, H 3 n {Kl^fft&^SfffcJl 2 

o 5 , ?St4g 7 , p#J^ 9 y KJ1 l o 8^.u?pftiJ=i ^ ^ M2 0 8 asKS#0gj& 



^y77l2 0 2, 1 n IfUJ^b W^ffcJS 2 0 3, f§ 2 n ffi^fb W^fWl 2 
0 4 &t*^ 3 n W&1kM9¥&foM 2 0 5lCj:oXn 2 3 0 j&Sfllfifc & *L % p 

fflfl^ 7 y KJg 1 0 S&t^plRlJ^^^ hjg 2 0 8 tiotn«i|24 0 

5^1 ©S-ffclfe^HMMSS 2 0 8 ai|2 tf>£f fc#J*N*#l& 2 0 8 b t>*Z£BL\Z. 

mm^nt^m^mm:^ u stria 2 ^<DmW)¥-mw-m<D 5v>*<t^i 

^{bJfc^NffW 2 0 8 a It 1 n3r^-cv^ *t-5o £ 5 5-, 

— ^<Df§l <Z)^M^2*f«fl2 0 8 a ^ I nS^/yCWC, 1 £^2 0X 



fc&¥&#fit2 osa, 208b t^s. \z.mm £ tit^m^mm t-fz>^t\z. 

<fc <9 , ^T^Pj&^^V^^ttoo^/^p^Jn^^^ hJS 2 0 8 £ 
t^"C#5o n*U£«fcoT, iM3e"C*l/^i© I nG a N^b45 

idtbg? LT, %:th&%(DmnMJ)H& < p mffi lOi glftb $ 

8 tt.m*.t£* &,T<Dm i izi^t"^ i comt^^rmfom 2 0 8 a tm 2 <Dmv>fo¥- 
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mm^2 osb k&mfy&tt&z.kiz.kymj&i'zz 



mi] 





m 1 <Dm\M^MW-B: 2 0 8 a 


fl 2 <Z>£fc4fc¥^{fcB& 2 0 8 b 


1 


I n X G a ,_ X N 


G a N 


2 


In.Ga^.N 


I n V G a !_ V N (x > y ) 


3 


I n x Ga ,_ X N 


A l z Ga j_ z N (0 < z < 1 ) 



a MtSfefc!^ tl©I n X G a .^Ntt, #?£L< Yix < 0. 5 

£*K i^fiL<ttx<0. 4, $ P>iC0* L< fix < 0. 3 l£|9!5££;ft/5o 

(Df&tfM&M < &3<Z>*TN 0* L < « 0 . l // mJ^T^ J; «5 0* L<tt50 0A 

f&-r%mi tm2 (Dm^^mwm^mm^^^ sftKsioo a jot* 

J; ^£?lfcL< fi7 0 AJOT* ££>IJ:#£L< «5 O A^TI^KStS. (Sk Sfe 
0*L<fi, i o~4 o Awf£ISi^^-rs 0 

pffi!|=^^^ hjg2 0 8 Sr«^i-S^l J:l2©IWIffi2 0 8 a, 2 

o 8 b©B8¥S: l 0 0 A JOT t-lS:/£-r IS 1 ^2©i«ift:l2 0 

8a, 2 0 8 b ©JRJPas, l OOAi'tDl^i #^l^^&Ji^#ttMPg#J^ 

T N ^lti2 <©£ffc4**MMW!l 208a, 2 0 8 b|i, M<Hi JBK^JiJBJt. 
ifcfc, *«WCI±, ^ 1 2 0 8 a £ 2 cD^b#j¥#fMfl 2 

0 8b (D'p-tg. < £ fcvvf tL£>— g ^(D p M^MVa&WJaZ^ P W=*^# 

®?mwm2 o 8 a Rem 2 <Dm&B*mwm 2 0 8 b®Mi^ P i«^ k 

OT«4*» 1 ft^M:«bTJfiJ<"rs (JOT, rT'tv^o ) ££jW*LV\, 
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P m=n/?? h®2 o 8co|g^:#:Srf&<-e^s 0 lot, ^mMojtm 3 coma 

0 19 /c m 3 ~5 X10 2, /c m^tSIS^pM^M^^ F— i&JvO'Mik 
^^a^^jg^5 x 1 0 18 /c m 3 ~5 X 1 0 1 9 / c m 3 (7)1518^^0 T^^o— 

(T^M^^S i: ^>4v^i©pl»^ F— ^^ttTV^Sr LV\ 
tftfe¥i^li^tT5 X 1 0 21 /c m 3 J; ^^i©pl^M^»t5 

StL<&5/&»bT?fc*), 5X1 o 1 8 / c m 3 J; ^>/^ V ^ t +^/^ ^ t 9 7 IS^ 

l£fc, **WJ-*3V^T, pill^y^^ M20 8[^^T, ^ 1 Olfb^^i 

mi 2 o 8 a xnm 2 comit^mw-iM 2 o 8 bov^-rtb^s^ft-tei-LTt) 

vvf*x©Ji-ep laics' 0 8 tSt^J:51-LTt^v\ 



W, 1 ©^BtSj^HMMB 2 0 8 a Ji, In^-CV^^XttlnSr 

#<-^Ay-ev^5;9\ m 2 (Dmit^mi^im 2 osb ^jttfeLT^^ f=¥> 

«\ Al x G ai _ x N (0<x^l) a»fe&3Jii I n_G a N (0^y< 
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pl^7^ Kii?r#^-r'5 i §-ji^J¥«x 0* b < te#t£^PM^GD 1 0 0 AJ^T 
i«L, J;^^f*b<«7 0 AJ^T, ^^}^L<fi5 0AOT-trr5„ 

Srjg^fllagt-t-sr: £MJ:tb pl^7 7 KJB<£>Jfi0i:te«:<K< r tifit* 
§ So ft, p#J^ 75/KHO8 <D*£fck Lt©I)|li, 0* b< ft iooAK 

iT2/jmKb £ £ b < 5 0 0 A^_h"Cl /z m^Ti-^^tb^o r 
ji»o p 7f K110 8 <D^:#:<h bT<^£^g£rtfct&#H& < t?# 5 D 

M2 0 8}Cl*3V>T$p5i-> II 1 <7>^MW##:Jlfl2 0 8 a £1?2(£> 



fttlfc^NlffclBS 2 0 8 b iKDWll 



mm 2 0 8 c sr^fifebfe^-e, mm^mm 



3 tgitesm*. mm<di&M3 tmrnzmtfLZtiZo 



x% Msmmm 2 0 8 



cill, 1 ©&fc4fc¥i*fM!l2 0 8 a IS 2 ©^W*|ffl|2 0 8 

V^5o ^X.tt\ 311 OS-fblfe^NWWR 2 0 8 a£r I n x G a ,_ 5 Nt bfg 2 CO 
{^^^ 20 8 b^GaNi bfc4§£\ 2 0 8 c (i, @6Bi 

~T£ 0 id, il(DtWiM2 0 8 a luitSg^^f 2©»¥*ffl 
2 0 8 bid^-rSffiidfRj^oT^^^fpIid, I n (Dim&lt (x) 7)^#ic:^>-r 



2 o 8 c fi, ^ 



mm%2 osa tw,2(Dmtm^mm%2 o s b ^ w^#-ria^^ii^{^b 

bTWjil^-CN Ji©RfeS^ISi©^k* 3 N!c#*|2 0 8 a tl2©lW 

8lffcJ&2 0 8 b0^id^oV^T^(7)7C*(^«^P^Jt-et 6 0 rc^J; 5 id, 

2 0 8 a tm2(Dmt^mMM2 0 8 b i: £fi5cft r ^ ^-e^r 3o 
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±&(Dm 1 (D^Ms^^WWk 2 08 a^In x G ai _ x N^ L^2©»^ 
ffcS£ 2 0 8 b^GaNt L^-TO, H 1 »S^¥^fW 2 0 8 ail2© 
^^tff«Jl2 0 8 b ^(T^Cl^tS I n(Dm$t&\$lt'fZ>~k^-t:%, ffi&Vt 

mm<Djfm 5 . 

T)S 10 2, 7y K— 7°G a Ng 103, nM^M#»^-atfn#Jn^^^ hg4, 
T>" K-^TI3 0 5 a, nS^M^I K^-^CO^^S 3 0 5 b RIFT is Y t *-~7 



(D±M3 0 5 c ©31^6^5 nfljj^ 1 



3 0 5, f?l 



3 0 6 a ^.t/^ 2 <D^b^¥^f*JH3 0 6 b «fc <9 & <5 nllljff 2 #j 



3 0 6, 



? 7 y Kg 8 3m p #J^— Jgl^ 9 V Kg 8 , M g K— ~7 plGaNny^^ h 
plJUjG a N=Hs#? M9ll^pllil 1 ^-?:tb^tL^$^TV^ 0 



3 0 5 n #J; 



2#, 



3 0 6 (-J;oTnftlJM^3 3 0^^g^$^ "7 V Kg 1 0 8$: 



l^piGaNny^^ hg 9 id J: o T p fflM^^W^ £ *l<5 0 



1 i: LTtt, t77^7C®, RffiXfiAffi^r 



^Si-rsi^r-fT, (M g Ai204) J; 5 fcfilSH*©. 

U<D{^ S i C (6H, 4H, 3C^Jf) > Si, ZnO, G a A s , GaN 
&mife(DJ&M5lZ.$o\,^X, ^s/77ll0 2i:Lm G a d A 1 ,_ d N (fiL 

d no < d ^ l £>*6H-e*>5 0 ) ^^iSStt^tfc!), L < li A 1 

A*vy77l 1 0 2<Z)JjlJ¥ii, 0. 0 0 2~0. &tL<tt0. 005 
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~0 . 2 n m, MM 1 * b< f*0. Ol—O. O 2 n m(D^m\^M^t^o 
7TM1 0 2<&JRP¥tf s -t!Elfiire*>5fc N f Wi*©SH B H^ 7t n ^-^g. 

^ S> 7 ri 10 2 (D^ftS^fi, 2 0 0 ~ 9 0 0°CT?fo V „ &± L<»4 0 0 

~8oo °c<Dffimiz.m%tr %<> f&muiM&±.mmm'vfoz> t t & o , 

7°G a Nl 1 0 3^ft$*StTyK-7°GaNSl 0 3^^fi0tJfe 

^S&t*5» ryhWGaNil0 3©ID?Rm 0. 0 1 ju m^±t 
&>9, £f£L<W:0. 5/imEHJ:tfc^ «fc <9 0* L < « 1 n m^±T?feS„ HI 

LV\ £fcT>" K— aNfl 03 <Z>JR J?tf>ii|&te#l£Pg^$;ft&V^ 
SPFM^&r 3X1 0 "/ c m 3 J^_h N 0* L<|i5Xl 0 "/ c m 3 SJ,±<Dm&~? 

^m^om&^^^^^^<D^0^T>V—zfG a Njg 1 0 3 Jht^ffc^ftS 

^ Mi LT^flSlfE&fl^L? Ltii5 x 1 o 21 / c m 3 ElTtfSM* L 

riUny^^ H4 0il^lt In,Al f Ga w N (O^e, O^f, e + 
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f ^ i ) xmj$x%, *©M«BgH«-eii/j:v^ b< «g a n. 



J^SS^fe-S^-CO. l~20|im, SiKliO. 5~10Ajm, £>9£?^ 

&it, n #j 3 ? h m 4 n iij^ i &mmm 305 srWRin^-r 



3 0 51^ &&mt)*b, T 



> K-^TI 3 0 5 a, nS^Mfe K— ZfCD^mM 3 0 5 b, K— y P (D± 

3 0 5 c <D'Pt£< t h 3 Jl/^£>fliJ&£*LTV^5 0 

nftijm 1 ^mmm 305 ^#^-rs#g«, ^wf£Mff^*T-# 



~C\ n 



3 0 5 }d^_h|ET^ 3 0 5 a ~_hg 3 0 5 c U9V<D 



iHIIJl 3 0 5tt, *£t£gi^L 



rtb^Til 3 0 5 a ~_hg 3 0 5 c ^MtStfttlf^t LTfi, I n 



A 1 h G a i-g-hN (Ogg<l > 0^h<l) -C^$tb5®^(7)#a^cZ)^b^^ 



fell 1 #J 
n lljff 1 



3 0 ^(DWM-Us WfcH&J^Jh/fcV^ 1 75 — 1 2000 



^sri/^fT. Yn—J^XM, #f*L< 1000 — 1000 otf-i^-X hn— i»-e 
fcU, J; "9^tL< (i2 0 0 0- 6 0 0 Oty^ hn-Atl)5o m 



5 (7)«H^ s ±HEtSffl-CfcS £ V f (DMMitt^mMmco\^±<D^XBt. LV\ 
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^m^m^m^-r^m 1 ^mmm 5 (Dmmcom^, t® 3 0 5 a , ™ 
1305b, ^.t^jis 3 0 5 c <7>#iKff ^jin^s it, m 1 ^sflie 5 

^mM^m 5 -m, n#jf§ 1 ^mmm 305 ^n^-rsre 3 0 5 a , 

cfifslg 3 0 5 b&t>UJ!3 0 5 c <D£-Jg|fft;LPE^£*l/<5 t^>t?»**V^S % ;£f§Bj3 

(1) tfe*fl 

TS 5 a WMff 3 0 0 0 A t U tpff^JS 5 b COJKJ? & 3 5 0 A t Lt, _h® 

^(D^^m 9 A&T/I3 9 B {d^-To 

(2) ^2 

TS 5 a ©Mff Sr 3 0 0 0 A L, ±S 5 c comim& 5 0 A t LT, tpffUJf 5 

^(7)^SfEl 1 0 1 0 B id^i- 0 

(3) tfcfj3 

tpmm 5 b 3 5 0 a t u ±m 5 c ojbsj^s: 5 0 a t lt, t@ 5 a 

^co^^m 1 1 a&ot 1 1 B(^i~ 0 
nmifc-t&mMffl 3 4t mmngzitx^m ufc 0 19 A~m 1 1 b Km l 
~m 1 1 BteL^-r, p o w^^m^^u v f «ni^iBjmji%^i~o 

J^_L(Z)^^^^VNT%^-r6 7yK-^©Ti 3 0 5 a ©J^J?fi % 
100~1000 0^-^^^ fn— 0^ L<tt5 00~8 0 0 0^"^^ h 

n— A, i^tKfil 0 0 0~5 0 0 0ty^hn-Atfe5o ryK- 
/©TI 3 0 5 att, 121 1 1 A&U«|2| l 1 B i^-TJ: 5 )SIJ¥£r#* {^Jf:< L 
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"OK £f£®»JE^±#LTV^</^ 1 0 0 0 OJrl/sf^ hn— AftiaTV f ^ 



n Zf<DtpW\M 3 0 5 b COJUffH, 5 0 ~ 1 O 0 O Hr^?* V u — 

A, £p * L < fc£ l 00 — 500 Hryy* V n — «t 19 0* L < 1 50 — 40 

&£itte^kWL<ftfttofii)*i&T^Z&fa&1bZ>o HliOAT^ II 

^ioTV^Ott, ™g3 0 5 b <£>fl£J?2S 5 h n — At? tilS^m^ 

T ^ ^°<7)_bg 3 0 5 c (DflgJ?^ 2 5 — 1 0 0 0 Hr^^Ts hP-^ 0^ 

L<ft25~50 oir^P^ ho-A, J; t)0* L< li25~l 5 o$-yy* b 

A-x?fe5o i»ry y—-7<d±M 3 0 5 c}i, Hi 4£BB:<?>^x*fefeM\zM 

Jig 3 0 5 c <Dm*& 2 5 HrW* V P — A5fc»-Ctt U — * ^^^5^ 
^SfcSo 0 9 A&tJ«l3 9 Bl^&tbS J; 5f-, ij3 0 5 c©IHi5lO 

i^_k»i;5(^ Tl 3 0 5 a ~ii 3 0 5 c ©MUtt, _b|Bl-^LfcJ; 9 }-> 

#S<oliJ?o3ESbte:J; «9*»^n^v^^-«H4tJ:aB U SEic, Ti3 0 5 a, 



3 0 5 b ^.TJ 5 ±S 3 0 5 c £rjjfi^:biirfc&l 
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#<5o 

_lies& i &mmm*m$L~rz>&m<oum^ i n g A 1 h o (o ^ g < 

1 , 0 ^ h < 1 ) *C*$tbS«a^T?fcH^«fc < , #i©»^-c*t)i4oT 

f£G a N7^6&<5Jl;dW^ LV\ 

-hfEil 1 #ilJgie 3 0 5 ©nl^Mfe R— :Ad™J1 3 0 5 b ©ni^Mtl© 
K— #5c:|te£tL&V^ 3 X 1 0 18 / c m 3 J^±, »tL<S5Xl 

nSM^UttS i, Ge, Se, S, Om<DnM&WtW, IVB^ fl VI 

&mM<OJ&M5te$5\t^X, n 2 #JDHJ1 3 0 6 I n Sr^ftf^ 1 
®S^^^3 0 6 ah 1 <Z)^b^^ft:Jjl3 0 6 a il^SElt 

^Wt5l2©tW«3 0 6 b i!^|fjg$^ c ^ji^^^5 0 ~<7)fj| 

1 (7>^t^¥^lf«l3 0 6 a, £fctefl 2 (Z^LW^fWII 3 0 6 b «|*]<ZV>& 
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m i (Dm\yfo^VfW?:3 0 6a xfem 2 ©tihWiM3 0 6 b ?v>& < t 

J? J^Ti ft oTli^W IK t^V), ^©±i:iif5i 1 ©Ifbi«l3 0 6 

a N m L < J*f§ 2 <D^b#5^*{«fl 3 0 6 b CO^tt^g. < & (9 , Jg^fls 
^1 (Dmt^MWMZ 0 6a &U?fj| 2 O ^4»>#ft:Jifl 3 0 6 b <Z)JjH 

f3H 2<7>M4W*Ml3 0 6 b CO— 1 0 0 hn-W©I^t 
^mMoMM 5 id^T, nffllMfi 3 3 0t, ifufS n f§ 1 3 0 5 t 

-hia nffl^ 2 ^mmm 30 e t &m&.&t*tz> t , ^m^ft-L u v f j&sfi 

* ft, n 2 ^mmm 3 0 e omirfBgi 1 co^l^^^jk 3 0 e a * tcnm 
mm 2 (DmtwmPfm 3 0 6 b©»*< th—^^mmn, i&mirz>mi 

<D^iUfy)¥-MW-Wk 3 0 6 a ^fMm 2 (Dmt^^^itM 3 0 6 b|^±-CSV^{d^ 
fcoTfc, 1^1— -Cfe«fcV\ 0^L<«, ^ 1 ©i^^M3 0 6 a 

2 60^b^¥^^l^3 0 6 b©^>^< t-h—^comW-^K jfi^-TSfl 1 <£>S 

{b#9^*f«!l3 0 6a, *fd^2C0^b^l¥^J^3 0 6 b iRldbTMLVS^fc 

t;i2©»^iffi3 0 6 b ^mm.mmm^t^mmm^m.^m^, 

m 2 (DmWi^MW-m 3 0 6 b (fu <7>^{MW*>f»3 o 6 a ) <?)jgiJ?:<^*L 
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&&Asi£m i (Dmwfo^-mwWks o 6 a (12 ^^^^^3 06b) © 



^||3 0 6 b^GaNt LfciiHh G a NjB t G a NMt(DW\(D I n G a Nl© 



(7) 



mm u/c#; 



M^InGaNH, H 2 OiSfb^^^ffclif^ G a N ^ L/c^ilcK G a Nip t 
G a NSt©FBl© I nG a Nl© I n*M&?£f£JliC*g3£i-£ |:|oti$:II;# 



<L/c9, 1;fc4>&< Lfc<9-T<5 - iri-J: 



(Dm 1 <Dm^^i^tm^^m^^^m2(Dm^m^mmMtmMm^ 
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fltcn 



1J}1)S3 0 6^tUI/^„ n 2 ^MWM 3 0 6t^V^t, 



nmm2^mmm3 o en, mmtmr^^xmm^nx^^x-h^^K *t 

#2* J; 19 ffi^ft^L^-f-WKft^feSo 



n 



2#J 



3 0 6&m<\m^m^xmj$£fix\,^m&, m*&.mv>&m 



(D. 



3 0 6 CD^SHIj^tt# 



^ 9 h(oxut^\ m 8 nimm 2 306^ si*® 7 (. 



306^ m&m t (Dm\^ m<v n 



^ 1 <7>^b^^£llW: I n tr^tf l£ L < « 3 7cil,f|<E> I n 

k G a H N (0<k<l) tL v £ bl-lft L< Mt^ 0 ■ 5^T©In k Ga 
!- k N, L< fctk m&0. 2^T©I n k G ai _ t Ntf5 0 — W, 2 CO 



3^M^» I n m G a ,,N (0 ^m< 1 N m< k) L< JiG a 

k N (0 < k < 1 ) B 2 comit^^m^ I n„G a^N (0 ^m< 1 , m 

<k) , &1zL<teG a Nbir&m^fri£&mfhti& 0 MWf^Lv^!.^ 
fcttLTii, 111 ^fc^^MIOkie^O. 5TOln k Ga, k Ntfe 
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^fenlM^Ltit Si, Ge, Sn, S^cZ)IV^ N VI Mjum^B^ 
10 (ilXl 0 20 / cm 3 J^Ti-^-f-So 5X1 0 21 /cm 3 «fc t> &#V^£fc4fc¥^ft: 

0*L<tt, In,Ga,,N (0^a<l) -X7M£*L, 

20 0. 5 e vi&v^^/i^— #J(dt°— ^feSSr^^ h£*3££as-C#5as, 

m\*fe <*§o ^'tte p mTfimo t n m^m^ t cdm^z K-^ts t , su^ 
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s ^fcttpI^Mfe^f t5A 1 bG al-bN 



(O^b^l) ^<b&5^ — JST&3o 



4f, pints' KJg8*s 



>m? 7 y KJf 1 7 co 



(Dmm^, lOOty^hD-W, $ ibi-£?£L< tt7 0^^ hn 

v^fSlR)t-fcSo <o «fc 5 fcfl&ff © 2 «S©JB & l LTH^UffiS Jf LT 

pffiiJ#JSJK^ 7 y Kg 8 c/D|#J|ffte\ WmiSS^ti/Jfcv^s, 2000 Urs?* V 
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i»£Tf^ L< ttl 0 0 0^-^^ h u— AJ^T\ «t 9 0* L< 1*500 

m 3 ^^^Mlte^ <^t)Al ^tfmk^mVf, ft t. L < ttA 1 
n G a (0<n^l) ^-tirS £ £ L < , ^M5^#f£» 

frit L< ft A 1 P G a,. p N (0 ^ p < 1 , n>p) , In r G a^N (0 ^ r ^ 



l< «r^K— ramjE, vf^{sr^-im5 0 



H 3 <Z)^b#J^^IH^<^0^ bV^ K— LtftlXl 0 18 /cm 3 ~ ixi 

0 21 /cm\ § h * KttlXlO 19 /cm 3 ~ 5X10 2 Vcm 3 ©IfflCiitSo 

1 X 1 0 Vein 3 <£ V 'b&fe^^t ^ l^$ll-fS4 ?>^bW*MI^^^&< 

tLT<5pMW^^ ^©i|j;lxio 20 /cni 3 TO^U\ 
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piM^uttMg, zn, c a> Bemomm&mm uAm, uBm 

Jfcid, pflj*7 7 KJP8^, pIM^Al b Ga H N (O^b^l) 
£ 9 ft5^— JS^ibft<5*§£\ P #1^— lgl7 7 7 KS 8 ©JRfftt, 2 0 0 0ty 
^fa- i»WT, ^ L < S 1 O 0 O ty ^ h p - A^TTI) "5 , J;<9^ 

^ta^^i^lL, V f ^{STL»t LV\ p Jg&7 7 7 KJf 8 ©*Hj£«, 

Al b Ga rt N (O^b^l) T?fc5 0 



{dip.— Jig £ LT t>-€r©l&©e«fifei:ia^*>*S £ £ id J; K> m*<n&tfe(Ol&T%: 
4»ft< U L^*>¥— IBI-CfcSO-e, M3tia»ffi^l^Wt^ ft ^ 

p #J^— Jg|7 7 7 KJg 8 (D p S^M^^S^te 1 x 1 0 18 ~ 1 x 1 o 21 /cm\ 

L < (i 5 X 1 0 18 ~ 5 X 1 O 20 /cm\ «£ 9 0* L < 11 5 X 1 0 19 ~ 1 X 1 0 20 

/cm 3 -c *> s o ^mwmig a* -bfsisia *c *> 6 t , ft p mm& -e $ 0 * l v \ 

#Cid, 1 5 idjoV^T, Mg K— 7°p#lG a N=i^^^ M 9 ft, ^ 

©H^Sr In, Al Sr^**V^-7ciSA<oS'ffc;*J 2 Nffrt-^5o In, Al 
W i , p lit 5 7 * g&tt2S#e>;h/fc < ft "9 , 3B3t3MS35 

ffiT-rSo P#J3 bS9(Z)flgJ¥tt 0. 0 0 1-0. 5/zm, 0 * L < 

ttO. 0 1—0. 3 m m, J:i9^f^L<ft0. 0 5 — 0. 2jumt*fc5o W s 
0. 0 0 1 jam J: Y) &j$V^£ p5iG a A 1 N7 7 7 KJ1 tffiJalftidMii&b^tX 
ft<9, MfcttffflLt<V\ H5cJli©GaAlN^7yK 
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X 1 0 18 ~ 1 X 1 0 21 /cm\ 0* L<il5X10 19 ~3 X 1 0 20 /cm\ «t 9 0* L 

<liixi o 2 Vcm 3 m^Tfo>5 0 m g - oiffli?fc5 p IH^ 

5/^77712, 7yK^7GaNi3, S i K^7G a N i ^ nl^y^ 



6, InGaN/GaNj:9^ 
8, Mg K— aNi p 



6 AW p 



6 p 



8 h LT, 



(7)M i~5 -ei&pjl 



T\ 1 1 tii, naiWifttLtnf 



% i Ji&t* p b 



£ 1 SI9:itTV^5^ N ntijfl^^pftiJM^i-^^ 
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2i©nS#J 

*1\ 



#l£ffi<©^« 6 121*31 ^T, ni#j 



Ga H N ( O ^ z < 1 ) ffil (D&ikto^ttMk] t I n P G a (0<p< 

fcm £r^-r^^ P fllLdS 0 . 5 J^T<^> I n P G a , «fc <9 L < p 
0 . 1 J£AT£> I n p G a ^NtfeSo 

ffcjgl;^ X fit 0 . 5^TOI n x G a H N"Pfc5^WW ^>tbSo 



a® U 0* L < i^*ve*v>& < £ t> 7 jgJBJL Jiff JS U 1^1+ T 1 4 jgJ^_hff Jl 

n i ^^b^^^^^2(7?^bw#^^as^±ps«#i-ps^^tL 
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n 



mi 



<5 Q 



6 asy* 



6 CO^fl^ff b LTft > #^Pte£tv£V^, 25~1 000 0t 
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hn-Atfc^ £?*L< S2 5-5 0 0 Od-yy* fn- •? N «£ 
9£?*L<{3:2 5 — 1 0 0 0^-^^ hn^tfcSo 



n 



fflj 



6 &m&rrzm--~<DmkVo¥mffi 



6 ^^-rs^-^s^^^s^^ ^ 1 (Dmm^mw-m^ 



i try K— ^"CfeSV^L, Poplin §PTC(»B4fc;&s K— ^^tlTV^Tt^V^U * 
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m ^ ^ ft -t l^-t v his rs] m & 5 0 



~7i/ v—-7<Dwm v—-fs torn 



0 21 /cm 3 J^T, KKtilXlOVcm 3 ^ TPS Ltll 5 X 1 0 16 /cm 3 
t^WS-rSo 5 X 1 0 21 /cm 3 «fc <9 ^#V^tgfb^^^®CO^H B Htt^S< &o 

*^P^i-*5V^X, nS^FM^ LT^ Si, Ge, Sn, S^ptf) IV VI 



8 jfc&ffe<£>^&54>&< tt)2 



Ga H N (0<x< 1) [f§ 3 CDmkty)¥mfcm t I n y G ai _ y N (0^y< 
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pl^lli 8 LTH # ^PS3££*w£v^ 25~1 0 00 0# 
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3 (Drntm^mwrnikxim 4 (Dmtm^-mw-m^p^ < t h—^K loot 



f©V f ^L^l/^ 



P^#J 



8^ ^J&£;h,5f£fite#fcPB/£&;ft/f\ ^t*@7(. 



8^ 



8 tfSfgf&i 7 }■ 
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L, H2+g|l (Dlii^atcil Og-jofig;*-^ §:f£^G a N£ <9 &5H2?) 
mtWi^rMWWk 1 06b^40 jT^* h n — £ ^S^T-t#5t<^#SII^ ^ 

^^Sn#Jl2^1)ill 0 6&6 4 0 h n — J^glff-ej&ft £-tb3 0 

(?£ttJl 7 ) 

^(^ N T>- F— 7°G a N X &5l^!£J!£r 2 0 o$-yJf* h n— ^Ofll^-e^ 

ic^-Cffij!t£8 0 0°C}^LT, TMG, TM I , T^-^ — T^rfflV^T^ 
K— "7° I n 0 4 G a 0 . 6 NJ: ^jfeS#Fii^3 0^"^^ h n — i>,<Z) 11119 

5o ^LTP$li+#F+|5*li+#F • • • • +H^©Mi-CI*SS«:5Ji, 
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( p rn^mwk? 7 y ki i 0 8) 

fill OSO'CTTMG, TMA, T^^e^T, C p 2M g (v^n^S 
■y # An- IT £r/BV\ Mg^lXlOVcm 3 K-/LfcplA 

5 1 02 G a aB N.fc0Jfc5&3<0£ffc4*¥*fMSl 08a^4 0;^^ hn— i^O 

lOT-cjsfcSS^ *fevvci&&«r8 o o°c{z:lt, tmg, tmi, r>^e~7\ 

Cp2Mg^fflV^Mg^l X 1 0 2 Vcm 3 K"7°UcI n 0 03 G a 0 97 N «fc <9 ft 4 
(Dmt^^MW-Wkl 0 8 b&2 5^"^^ bn- A»fllJ?-C^ft^^5 0 %z LT 

9 &5 p#J#JBH^ 7 y Ki 1 0 8^3 6 5 &isjrx hn-A©)j| 
(plGaN^y^^ M9) 

i^T1 0 5 0°CT\ TMG, T>^ = 7\ Cp2Mg^il\ MgSrl XI 
15 0 20 /cm 3 K' — 7*Lfc pSGaNi^^^pl^y^^ M9^7 0 0 X-l/tT* 

20 m9(vmmzffij£(Dmyt(7)'?*? : £j&j&^, rie (afct^^^^^) 

^•y^y&s nc±.m\z.ibz> p\m^>?t vm^m^^m^wm-z o 

* b .^(DN i A u ^f-alj>^7fett<^ P WM lib. ^(O p fll^ 1 1 c7)_hi^ 
25 i/^V yfl©A u £ 9 ft 5 p 5/ K®S 1 1 & 0 . 5 n m(DmimX*Mj&~f <5 „ 

r(7)LED^T-ttlllI^To]fl;rifc2 OmAl^^t, 5 2 0 nmWigM*^^ 
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"CI. 0Vi£<fiTL, m^Jtt2. OteEUif-lSj-bLfco ^Ofcfc, lOmAT 
«©LED|^©i)i||i, G a N «fc «9 1 ©^^^tJI©^ 



<J 1 2 £ «t «9 &5?&l4Ji, COM g 



0tt 1 8. 



(^ttg 7 ) 



^250 ^"^^ h AWJKJ?T?fife 



£-fc*\ ^V^T ifif££r8 0 Ct^LX* TMG, TMI, 7^e~7£rffll^7^ 
V—zf I n 0 3 G a 0 . 7 N X 5 JfeS#FSSr3 0^-^^ h a— AtDjgU^-Cj&ft 



+^ii(7)iiii-ep«igji^7ii, #F 



UtitlfcLEDlftt, HS^rRjm^ft 2 OmAm^T, 4 7 0 nm©iffe 



ill 9. 



>1>. 



7 ) 

7^ K-7°G aNiU/iSfiEiiS: 2 5 0^*V^ h n — ^OMJ?-C^ 
$cl^TfiS£r8 0 0°C^LT N TMG, TMI, T^^&— T^rfflV^T^ 
Zf I n 0 . 3 G a 07 N «£ 9 7feS#F®Sr3 0^"^^ h a — A<7)JKI?"C^S £itr 



J: <9 &5?£t£jl 7 ^ft^*§„ 
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#ibtLfcLE Dilute, JW#lRj®8fc2 OmAl^^T, 4 7 0 nmO«ffe 
MM 2 0 . 

;m#>Ji 7M:}3V>T, SH4S7 5SrJ^T«J:5t^^SflfcW:lRl#^LTLED. 
7 ) 

ge^TSJt£r8 0 0 o C(CLT, TMG, TMI, T^-T^fflV'iTy 

F— "7° I n 0 3S G a 0 . 65 N «£ <9 ftS^FSSr 3 0 Uri/^T, V n — A©Jg£j?:-e$cft $ 



«fc Y> te&m±m 7 £rj$ft£ii:5o 
f^ilfcLEDiW, MS^ftSSE 2 OmA(^V^> 5 0 0 nm©f| 



■MM 2 l . 



(fe'lM 7 ) 

m^-, T > K — T7°G a N «t "9 5 HI liS Sr 2 5 0^-^^ h n — A,<Dtifem~^f& 
7°I n 0 35 G a 0 . 6S N«£ <9 ^5#FI^3 0^"^^ h o — ^<£>BSJ¥"T?J?£^ § 



t5o ^LT|$|g+#F + ^lg+#F 



4& 



111 0 9 hP'-A© 



ftfefrfcLEDiJf^-te, )ii^"[6]fE»fc 2 0mA{d*3V>T, 5 0 0 nmWfife 

i&fe#>J 2 2 . 

Ill 7(d*3V^T, nfl|»2#ai0Ua6SrfifeS§'*'S:v^«:|^^;:L , rLE 
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»J 2 3 . 



(^LTLEDi^fiLfco 
( p illJ^-IJI^ 7 y Ki 1 8 ) 

IS10 5OWTMG, TMA, T^t — T> C p 2M g 9 n '■ZZ/ # i? 
x^W^i/^A) 2rfflV\ Mg^lXl 0 20 /cm 3 K"/LfcplA 1 0 . 16 G 



»ij 2 4 . 



( n « 



MS 10 5) 



TV K— 7°G a Nil J; «9 &5AJPS: 1 0 0 Hr^^Ts 
Si^lXl 0 1! /cm 3 K— 7°bfcA 1 0 .,G a a9 NJ;»9&5Bjg3:2 
ha— ^©JKJ¥T?fifeS^*T>&5A@iBg<^l^rSr2 0®^JSLT2 5 0 0 



X-lsy* V o — Aff i: LT n 1 ^ 



10 5 ^J&ft^So 



# btbfe L E D^tt> 



(12 5 



TLEDi^f^lLfco 
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£rfflV\ S i^4. 5 X 1 O'Vcm 3 ^bfcG a N J: «9 ft 3 nftlj^^ h 
5 HjWJ 2 6 . 

-^<7){til> JXt°^/V (M g A I Z0 4) (7) J; 9 /^|fe^ttOK>K(7)fifi.^ S i C (6H, 
4H, 3C^t?) , Si, ZnO, G a A s N G a Nf O^iftSI^fflV^ 

(^^^^TlS 2 0 2) 

(n i nmmm^-mfcm 203) 

^.y^TJ! 2 0 2/&;K#, TMG©MfcT, M^^r 1 0 5 0°C^17±#§^ 
20 5 0 1 0 5 0°Ci^/iofc^, ^^(M^i-TMG, 7y* = 7^7|rfflV\ 

m 1 n#J^b^)¥^S 2 0 3 2 0 2 *9 MtL\$ 

9 0 0°C~1 1 0 0t;7;^e£it5^/Wlfc L< , GaNTO, In 5 A 
l v G ai _ x _ v N (O^x, O^y, x + y^l) -CtH^i" 5 £ £ 7?£ 5 2* , 

y 1 x y 

25 ^L<(iGaNX, Xt^o. 2£/,T<£»A 1 X G a ^.N^ffil/^ t 9 Infll 

^■T>-K-^ji^-rs^fe^(7)tt®«M4¥*f*{-ja< , mKm^.o. 20 - c 
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2 n wmtvo^mfcrn 204) 

iV^T1 0 5 0°CT\ TMG, T^^Er — T^^/B^, 7yK^GaN|^ 
2 0^^ h^— A(£>JKff-ClfcR£^ ^cV^Tv-^^^^SriiAPLS i £r 1 
X 1 O'Vc m 3 K-/LfcG a NiS: 2 0^"^^ h P — i»<^Ig|J?'C^^ 

•f5 0 r<7>£ 5 i-LT, 2 O bn-^O/y K-^G a Nf^b^S A 

Sr^S^-^So ^LT^O^T^IfiSbT, K— ^G a N £ 5 &5 1 n mff 
(7)0 2 nflflMtffc^MMttg 2 0 4 SrJ5feS^*S 0 
(0 3 n#M^^3#fWl 2 0 5) 

i^v^^^cD^lktf), 1 0 5 0°C-t?|^^^LTT^ K— ^G aNi^/j; 

£|?3 nM&fMfc^MMWB 2 0 5^10 OJr^tf^ hn-A©R(|^ft$*5o 
rcD^3 n ffilJM^fc^NMfcJS 2 0 5 |)Ga N£W£ I n x A 1 y G a x _ x _ y N 

( 0 ^ x , 0^y N x + y^l) "Cfllj&Tt , ^iMf^^ 9 <btf>-CW:fcV ^ 
tf** ^KttGaNIttxI^O. 2OT©A 1 X G a !_ X N, feSWiy 

^#^ttS 0 I nGaNMS§«i:, ^©±|CA 1 £^t^fc^##:£r$c 
Jfct^ ^§r8 0 0°C(^LT, ^r-r y T^^^M^l9#x., TMG, TM 

1 (hy^f/H^^^) > 7y^7?rfflV^7y K-^I n 04 Ga a6 Nf?r 

j5feft$-&6o &&::<Z)J1W; I nG a N J: "9 ^S#Fg^W-rS#fifi^#Ft#i 

(p#J^ 7 -7 KS 1 0 8) 

fiS?: 1 0 5 0°C^_Ltf\ TMG, TMA N 7^-7, Cp2Mg 



^v^i*) £rfflV\ Mg^l XI 0Vcm 3 F-7 
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tfc p IA 1 ft ,G a ft ,N i U 2 0 A©I?S TMG , T 

i^e^T, C p 2Mg*fflv\ Mg &r 1 xi o 19 /cm 3 K-7°LfcpSG a NJ; 



<9 45S ; £: 2 0 A(Dff 



(pM=*^#? M2 0 8) 

8 0 0°CilfcV^, 7 ^ K-^ I n ftl G a„N J; D 45$ 1 ©ift*^ 
Mt$H%%: 3 0 A, $e^T, TM I £rlfc#>Mg ^lXloVcm 3 K— ^LfcG a 

ff 6 0 0 Acd P W=i^¥? M2 0 8 £rj$;ft£-£5o 



2 O 8©SillI£©»v^^ ML, RIE (SlStt-f^-^^y^V 

if) ^W^piM^^?? hJHW^e>^y^^^«rfTV\ |l|5(^-rj:5(-$2 n 
#Mt#7¥#&S 2 0 4 <7>^ffi£fg|iJ £-tir5 0 
x^fy^l, ft±JS{£fc5 pfflfl=^^^ hJi<©ta^ffi^JRff 2 o 

is 1 ? 4 y^l^Au i; <9 45 p FWM io^o. 5 // mo|j^ff:-e?fMi~5o 

— ymw>£ j &fc%i2 niiwi#i2 o 4©sffiw4wt 

A I Sr£t? nttffil 2^^i~5 0 ttl-plil 0©tB^lt5fc*I^S 
i O 2 J; 9 4 5 *&H!I§I l 2^0 5i^i-J: 5 9a— ^>Sr^^7>T 

r©LEDifli2 OmA(Cl*3V^T!llI^-^]®i±3. 2V N 5 2 0nm©lfe| 
Sfc-Sr^U 2 0 mAi-fc5tf5 V f £0 . 2 — 0. 3 VlJ£T£^5 r t , tti 

^10 OfiflLT, 2 0 mAtd*5lt5Hl^rRimffiV f 5rillJ£Lfc*&^ 

<£>V f ffci % 3. 2V—3. SVrojSfflt^LT^^ iftt/^y^Wi 



#ij 2 7 . 
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ij2 6t£*5V>T, pW*^*? hm&f&^Z&ZM, V—Zf I n 01 G 



a ai Nlt, Mg^lXl 0 2 Vc m 3 K— ^LfeG a N k<0&MMPF&M\ZV1t 



!|2 6 tmmz LTLEDi^?:flLfc 0 



; Sfe#iJ 2 8 . 

A 2 6 £ IrMHK: ULE d*T- 



I n 0 05 G a^Nlitifi^tt, 
£rf«L*i 0 
llfeflil 2 9 . 

»j2 6 M^T, pftij^^^^ hjiSr^e^s^ w,2<Dmtm^-mw 

£rMg S: lXloVcm 1 K— 7°bfi I n 005 G a 0 . 95 NJi£ L/c^tt, 
M26b mmiz. LT L E D*^-£rf^M Lfc 0 
il3 0 . 



i^Mg^: 1X1 0 2 Vc m 3 K— ^LfcA 1 0 05 G a 0 95 Njg^ ^JS 
M2 6 t mmi^ LTLE D^T-^i^ Lfc 0 

mmm 3 1 . 

MMM2 6 ^*5^T> piM=i^?? hg£rj$ft£-ti:5l^ II l w^W^ 

IZ.M g^lXlO'Vcm 1 K— 7° Lfc.£W3, H»'J 2 6 i |W)«^ LT LED 
#ij3 2. 

;ji#ij26{^^oV>T, p#J^v^^ h)S2 0 8&m&ir&m, T > Y—Z? I n 

01 Ga 09 NJ;l9^S^l(Z)^«¥^ft:^i-'f'tx.T, Mg^lXlOVcm'K 
— ^Lfc I n 01 G a 09 N^b&5f§l^¥^f«!l&rfflV\ Mg^lXl 0 2 V c m 
3 K-/LfcGa N£ ^f^%2(Dm\Lm^MWmZ-\\X.X s Mg^l XI 0 1 V 
c m 3 V—ZfL-tcG a NJ: «9^S^^2(7)^b^¥^)!^^fflV\ ^of§l<7)^fb 



ij 2 6 £ H^id LT L E D* ^fl^M 



Lfc 0 



#ij3 3. 

:«|J2 6 Jd^T, p#J^^^^ Ml 2 0 8 ^XT<D £ ? tMtSl^li, 
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ij 2 6 1 iriiiij- ule nm^&i'pm bfc 0 



1rt£t>-ib, 8 0 0°C|^I/^, Ti'K— 7" I n 01 G a 09 N J: 0fc5f&l <£>^fb 
«1^3 0A^tfct, ^V>T, TMI»!^>§*-C X 

M I tfSO \Z.f£ofz.m, Mg^lXl O 20 /c m 3 K— ^°LfcG a N J; <9 



»*»3 0A^$*5o ^rLT, ^SUTM I 



m^^J¥^^lRl^G a N^b I n ai G a a9 N*7?|S^^{bi"5j|afifefa^JiSr?6 
^L^ft, ryK-^i n ftl G a ft9 Nj; "5 ^511 OlWf*I^3 OAft 



il2 7 — 3 3©LED*^t^ ^»J2 6^1, t£5fc0>J Wfc& L 



«©I nGaNi»^5pH3^^ bJS-Cii, I n G a NflSJttfcto 



*H _ S^SiS^ ; Sr^i~^7 7-C*>5o tM^mmn, GaN (2 0A) tInG 



aN (2 OA) ^^r^S{313 0|i 



0 18 / c m 3 (Z)drt y Tlg^f pMtfcSo 0 7 left, Jfctfctf>fc 

n 015 Ga o5 N (MffO. 1 2 /x m) ^feft5t£^JcD3fr^iW^ 
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3 4 . 

U 3 4 HI 8 \z.^irmM(DJ&m- 5 Lfc 



UfrW 3 4 -Cfii*i\ f-^T^T (CBS) J:»5/i5iil?:MOVPE©^ 

^rti^ir-/ h u TkHt^Lft^, Sioiag^ i o 5 o°c^-e±#^-fr, 

(/^7rS 102) 

T^TMG (MJ^ <t£rffiv\ gjgl _h}^G a Nj; ^ftS^T 

7|102 Srjjft 1 5 O^V^ hn- A<£>J8!J£-ej&^£i2r5o 
(T V T*G a Nl 10 3) 

^y77ll0 2^|, TMG(D^.lhi6T, ^1 0 5 0°Ctt±#^ 

5 0 1 0 5 0°C(^ofcb, |rIC<M^^^TMG, Tv^T#;*£fflv\ 
TV K— 7G a Nl 1 0 3 Sr 1 . 5 // m(DjKff"t?^S ^*5c 
(nfl!l=»;/^ M4) 

iV^1 0 5 0°Ct\ PC<I^i-TMG, TV^—TfJ^ TfWfoU* 
{clV^ V#^5:ffil\ S i^4. 5 X 1 0 l8 /cm 3 F-^LfcG a N X <9 ft -5 n 



( n #Jf! 1 #J 



3 0 5) 



^Klv^ V^tW^rihi^ 1 0 5 0°CT\ TMG, 7y^^T^?:ffli/\ 
TV K— 7°G a Ni^ftSTH 3 0 5 a^2 0 0 O^V^ h n ~ J*(DmW-X$L 
S£-t^ gcV^TlRlM^i-TV^ V^^SrilJnbS i£r4. 5X10 Vcni 1 K*— 
/LfcG a N^b^S^ffi® 3 0 5 b £3 0 O^V^ h n — J»<DmM-X*$M. $ 
-fr, HtOftV^-CV^ V it & % HiajF^TT^K—^G a N^b?teS± 

3 0 5 c £5 O^V^ hn-^(D|l|-eifi^, 3 S ^ S 2 3 

(nffiOIB2#SlR«3 0 6) 

io]|R0>iaare* r v k-7g a n i ^ 5 1 2 otw^iM?r 4 0 

^^SOOtiCtt, TMG, TM I , TV 
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*~T£rfflV\ TV K"7° I n 0 . 13 G a 0 87 N «fc >9 1 <Z)^bW>*f«ll£: 2 

06^64 0^-^^ hP- ^<7)i^ff-e^S$^§c 
(i£t£S 7 ) 

M^^-, W&^TU!&&8 0 0°C{31bT > TMG ( TM I N Ti^ — T&JBVVT:/ 
I n 0 4 G a 0 6 N «fc <9 &5#F6£r3 o Hrls?* V 



H112 o^-^^ hn— ^(D^mA^-RFiffim. 



( p w&, 



1 0 5 0tt?TMG, TMA, /y^T, C p 2M g (v^ v< 
^^^m^/W^v-r>^) £r/BV\ Mg^lXlOVrf K-^LfcplA 
1 0 . 2 G a 0 . 8 N J; ^ ife5!3 ©!WiM^4 

gcV^T^^^r 8 0 0 o C(ClLT, TMG N TMI, T^^^7\ C p 2M 
g Srffll^Mg &r 1X1 OVcm 3 K— ^Lfc I n 0 03 G a 0 97 N J: Y) 4 GD^fb 

9*7V KM 8£r3 6 5^-^^ hn- ^(^Jg^-Cj^g^-^So 
(plflljG a N=*V^ h®9) 

i^T1 0 5 0°C-C\ TMG, T>^~7\ C p 2Mg^fflV\ Mg^lXl 



OVcm 3 K-7°Lfc p®G a N j; 19 ^5 piJ=> y^ 7 ^ YM 9 7 0 0 Oris? 7* 
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^ hn-i^©N i Hu ^r-atfjiS^tt^) p HH§ 1 1 -^©pfEffil 1 <£>_hi^ 



EDif^teHft^fafll^ 0 mAl^V^T, 5 2 0 nm©MifeM^ 
U VfS3. 5VT\ t*©#lif ^Ftilro L E D*F LT, Vf 

-01. 0V3£<<&TU mt!\t2. 0^_h^[Rj_hbfCo ^©fcft, lOmAt 

L E D (D&mWlW- &LED m^-CO n S&U* p JB (D&WM «t <9 i^^fn) * J£®EE 

t^5fe(DLED*^-(^t#^fi^ GaNj:^/i5ll0^s/77l«±(^ 



K— zfA 1 0 .,G a 0 . 9 Njp N Mg K— 7°G a Nj&>£>&5 p 4BI=* ^ hg&Hiidfi 
3 5 . 

(^tt® 7 ) 



$c^T?US£:8 0 0°C(;iLT, TMG, TMI, T ^fr~T £rfflv V 
F— -7 I n 0 3 G a aT N<t "9 &S#FJg&3 0 Hr-yp^s V n — AcDlUff-Ofifeft S-tir 
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!|3 6. 

mm 7 ) 



^2 5 0 st-i/jr?. h P -^©H)?T*)f| 



^V^T?a^^r8 0 0°C(ciLT, TMG, TM I „ T y^-T^rffl^Ty 
R— -7° I n 03 G a 07 Ni «9 & 5 #FJS 3 oir^^f^ h p— AojglJ^-ej&S 



5„ ^LTPt^+^F+Ptig+^F 



#£>tWcL E DS^W:, IHI^"fB]fl;»fL 2 OmAi^joV^T, 4 7 0 n m©*6ffe 

»J3 4 irIW|«i-^f^^^#^tu2»o 



3 7 . 



(?StM 7 ) 



£^ IV^?ag?:8 0 0 o CtLT, TMG, TMI, Ti^e^T&rfflV^T^ 



ij3 4 ^InltR^^'fel&m^fcixSo 



MM 3 8 . 

■MM 3 4^*5V>T, ^'ttJS7^J[^TCC>J: 9l^5fiH(«iatLEDi 
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mm 7 ) 

^cV^T?U^^^8 0 0°C{^LT, TMG, TM I N T^^^T&fflV^T^ 
K— 7° I n 0 . 35 G a 0 . 6S Nj; ^&5#FiS£:3 0;^^ h n — A(D)g|J¥-e$cS § 



ibixfcLEDim JE#lRjSfcfc2 OmAl^V^t, 5 0 0 nm©fife 



il3 9. 



MM 3 4 (Cl^oV^T^ n liUJfi 2 



3 o 6 &f&M£^t^^m~£mm\^\^x 



ij3 4 (^b-<^*^#ttRt>^^tii^^{g:V^t 



LEDi^^flLfc„ 
HfjfxfcLEDim 

H^ll 4 0 . 

( p mm— m* 9 v kjs s > 

1S1 0 5 0WMG, TMA V 7^=7, C p 2M g (v^n^V^v? 
x^;W^v/^7J.) SrfflV\ Mg^lXl O 20 /cm 3 K-^LfcplA 1 ai8 G 
a 0 . 84 N £ V) ^6 pfflU^— Jg|^ 7^K18^3 0 O^^* h n — J>.<£>Jg|J?T?/& 

!j2 7 «t v^mwtite 



MM 4 i . 



ij3 4(d*3V^T, MJUjffl 



305 ^fj^T^ct 5 j-^mff^M-r 



bt L E Dg(f ^SrfEgJ LfCo 
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(nimmi #gJSIJB3 0 5) 

It #\ 1 0 5 0°CT:\ TMG, T — £r/BV\ 
K— ~fG a N^b^STS3 0 5 a^3 0 0 0^t>^^ h n — i^U^TEfe 
:ft£-tiT, icV^TP?U^}ClT^^^^^^rii^P LS i £r4. 5X1 0 Vein 3 K— 
^°LfcG a Nfahte&rpWIFgz 0 5 b £3 0 03r^<?^ h n — ^(Djj^ff Trj^ft £ 

3 0 5 c^5 QUrl^^T. hn — i^Jg£J?T^;ft £ -fr , 3JS^&5l&JIflff 3 3 



50© 



ij4 2. 



»J4 1 id*3V>T, n«U 



4 1 i»LTLEDi^ltiU 



3 0 5 &rJ£/.T<£>cfc 5 id Lfcflilfi; 



Tl3 0 5 atU, 7yHWAl 01 Ga 09 Nlr3 0 0 0ty^ 
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